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Aim: To investigate the correlation between serum uric acid levels and the severity and prognosis of acute cerebral infarction (ACI)
combined with vascular dementia (VD) in patients with H-type hypertension.

Methods: A retrospective analysis was conducted on 150 patients with VD after acute ischemic stroke (AIS) admitted to the Second
Affiliated Hospital of Bengbu Medical College from September 2021 to March 2023. Patients with H-type hypertension (n=84) formed
the observation group, while those without (n=66) formed the control group. Uric acid levels were compared between groups. Based
on cognitive function scores, patients were further classified into mild, moderate, and severe dementia subgroups, and differences in
uric acid and homocysteine levels were analyzed. Prognosis was assessed in the observation group after three months of treatment
using activities of daily living scores, and logistic regression was performed to identify prognostic factors.

Results: The observation group had significantly higher blood uric acid levels than the control group (P<0.05). Within the observation
group, uric acid and homocysteine levels differed significantly among dementia severity subgroups (P<0.05) and were significantly
higher than in the control group (P<0.01). MMSE scores were negatively correlated with uric acid and homocysteine levels. Logistic
regression analysis identified uric acid as an independent risk factor for prognosis.

Conclusion: Elevated serum uric acid levels in patients with ACI and H-type hypertension are associated with greater dementia
severity and poorer prognosis, highlighting the importance of monitoring uric acid levels in these patients.
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Introduction

With the aging population and changes in lifestyle, the incidence of stroke in China is increasing year by year.' Vascular
dementia (VD) often occurs in stroke patients, and its clinical manifestations mainly include progressive decline in
memory, attention, judgment, comprehension, and executive function, accompanied by varying degrees of mental and
personality changes.” Vascular dementia can be caused by various cerebrovascular diseases, but stroke is the most
common cause. The incidence of vascular dementia within one year after stroke is about 33%, and the incidence rate can
still reach 31% within five years.® Therefore, the prevention and treatment of vascular dementia should first focus on
preventing stroke and other cerebrovascular diseases.

Studies both domestically and internationally have indicated* ® that there is a significantly increased risk of cognitive
impairment in H-type hypertension patients. Cognitive function refers to the brain’s ability to process, store, extract, and
execute information, which is essential for learning about the composition, performance, association, developmental
direction, and basic principles of things, providing indispensable prerequisites for daily activities.”* The cardiovascular
and cerebrovascular changes caused by elevated blood pressure, especially when hypertension coexists with
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hyperhomocysteinemia, can disrupt normal brain function, leading to decreased learning and functional abilities,
impaired mental and memory functions, as well as deficits in language, application, cognition, and behavior, ultimately
resulting in cognitive impairment.” However, cognitive impairment in the early stages is only manifested as mild
cognitive impairment (MCI), which lacks obvious symptoms in clinical practice, making it difficult for most patients
to be detected.'” When cognitive functions such as memory are mildly impaired, it has not yet reached the diagnosis of
dementia, but is in the transitional stage before Alzheimer’s disease, known as mild cognitive impairment.'' Therefore, it
is important to identify biomarkers that can predict cognitive decline as early as possible.

Studies have found that serum uric acid (SUA) levels are elevated in patients with H-type hypertension, and
hyperuricemia is positively correlated with the occurrence of H-type hypertension.'*'* Uric acid is a metabolite of

14716 which is closely related to

nucleic acids, and the number of patients with hyperuricemia is gradually increasing,
patients’ dietary habits, nutritional conditions, and lifestyle. Previous studies'”"'® have shown that the correlation between
hyperuricemia, hypertension, and hyperhomocysteinemia has a significant impact on H-type hypertension. Additionally,
related research has indicated'® ' that blood uric acid levels are associated with the progression of cerebral small vessel
diseases (CSVD), stroke, and other cerebrovascular diseases, and can serve as a predictive factor for cognitive

impairment in CSVD. Furthermore, some studies have suggested®>*’

a significant relationship between changes in
blood uric acid levels and the occurrence and development of mild cognitive impairment (MCI). Therefore, we speculate
that there may be a certain correlation between blood uric acid levels and mild cognitive impairment in patients with
H-type hypertension.

Currently, there is limited research on the correlation between the severity and prognosis of vascular dementia in
patients with H-type hypertension after acute ischemic stroke and serum uric acid levels. Therefore, this study aimed to
investigate the correlation between the severity and prognosis of vascular dementia in patients with H-type hypertension

after acute ischemic stroke and serum uric acid levels.

Materials and Methods

Study Design

In this retrospective analysis, 150 patients with with vascular dementia after acute ischemic stroke who visited our
hospital during September 2021 to March 2023 were enrolled. Based on the occurrence of H-type hypertension, patients
with concomitant H-type hypertension were divided into the observation group (84 cases), and those without H-type
hypertension were divided into the control group (66 cases). The study was approved by the Ethics Committee of the
Second Affiliated Hospital of Bengbu Medical University. Informed consent was obtained from all study participants. All
the methods were carried out in accordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Inclusion Criteria

(1) Diagnosis of acute cerebral infarction (ACI) confirmed by diffusion-weighted imaging (DWI) in accordance with the
2018 Chinese Guidelines for the Diagnosis and Treatment of Acute Ischemic Stroke.* Patients included had a National
Institutes of Health Stroke Scale (NIHSS) score between 0 and 15, and those with severe global aphasia, rendering
MMSE evaluation impossible, were excluded. (2) Diagnosis of vascular dementia (VD) based on the criteria established
by the National Institute of Neurological Disorders and Stroke and the International Society for Vascular Behavioral and
Cognitive Disorders (NINDS-AIREN).>> VD evaluation was conducted 3 months after stroke onset. (3) H-type
hypertension was defined as meeting both the criteria for hypertension (systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg in three separate measurements under non-resting conditions, or a history of hypertension)
and hyperhomocysteinemia (HHcy) (blood homocysteine level >15 pmol/L).*® (4) Patients with complete clinical data.
(5) Information regarding revascularization treatment was recorded, and patients were stratified based on whether they
received such treatment. (6) Activities of daily living (ADL) scores were assessed at discharge and compared with scores
at the 6-month follow-up to evaluate functional recovery.
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Exclusion Criteria

(D individuals with pre-existing cognitive impairment; (2) individuals with dementia caused by other reasons; (3
individuals with concomitant other neurological disorders; (4 individuals with other cerebrovascular diseases; (5
individuals with a history of depression; (6) individuals with impaired consciousness who cannot cooperate; (7)
individuals with severe wasting diseases or organ dysfunction; individuals with secondary hypertension; (9 indivi-
duals with incomplete or lost medical records.

Methods and Observation Indicators

(1) Collect clinical data of two groups of patients, including age, gender, education level, smoking history, alcohol
consumption history, BMI, and history of diabetes. (2) All patients had peripheral venous blood drawn after an 8-hour
fasting period on the second day of hospitalization, and total cholesterol, triglycerides, and glycated hemoglobin Alc
were measured using the hospital’s biochemical analyzer. The differences between the factors in the two groups were
compared. (3) The severity of dementia was assessed using the Mini-Mental State Examination (MMSE).?” A score of
>27 indicates normal cognitive function, 21-26 indicates mild, 10-20 indicates moderate, and <9 indicates severe. (4) All
patients received treatment with anticoagulants, antiplatelet agents, and neurotrophic agents. Patients with underlying
diseases such as hypertension and diabetes also received symptomatic treatment for blood pressure control and glycemic
control, and were advised to adopt healthy dietary and exercise habits. After 6 months, the observation group was
assessed for prognosis using the Activities of Daily Living (ADL) scale. A score of >40 indicates a good prognosis, while
<40 indicates a poorer prognosis.

Statistical Analysis

Data analysis was performed using SPSS 28.0. The continuous variables were normally distributed and expressed as
(x = 5). Independent samples #-test was used to compare differences between groups. The categorical variables were
expressed as percentages (%) and analyzed using the chi-square test. One-way analysis of variance (ANOVA) was used
for multiple group comparisons. Pearson’s correlation test was used for correlation analysis. Single-factor and multiple-
factor logistic regression analysis were used to identify factors influencing the prognosis of the observed group of
patients. A p-value less than 0.05 was considered statistically significant.

Results

Clinical Data

The two groups of patients showed no statistically significant differences in age, gender, education level, smoking
history, alcohol consumption history, body mass index (BMI), history of diabetes, total cholesterol, triglycerides, and
glycated hemoglobin Alc (P>0.05), indicating comparability (Table 1).

Table | General Information of Two Groups of Patients

Factor Observation Control 2t P
Group (n=84) | Group (n=66)
Age 65.39+8.28 62.12+9.34 1.8l | 0.073
Gender 0.006 | 0.937
Female 40 (47.62) 31 (47.97)
Male 44 (52.38 35 (52.03)
Education level 0.487 | 0.485
Under high school 58 (69.05) 42 (63.63)
High school and above 26 (30.95) 24 (36.37)
(Continued)
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Table | (Continued).

Factor Observation Control it P
Group (n=84) | Group (n=66)

Smoking 32 (38.10) 27 (40.91) 0.122 | 0.726
Drinking 24 (28.57) 17 (25.76) 0.147 | 0.701
Diabetes 34 (40.48) 25 (37.88) 0.104 | 0.746
BMI 25.11+5.22 24.48+4.59 0.764 | 0.596
Total cholesterol 4.49+1.58 421x1.37 0.787 | 0.433
Triglyceride 2.11+0.34 2.04+0.28 0.841 | 0.402
Glycosylated hemoglobin 4.13%1.67 4.11x1.31 0.551 | 0.583

Comparisons the Levels of Blood Uric Acid and Blood Homocysteine in Two Groups
Compared to the control group, the observation group showed a significant increase in the levels of blood uric acid and
blood homocysteine (P<0.05) (Figure 1).

Comparisons Blood Uric Acid and Blood Homocysteine Levels in Different Subgroups

of Patients with Dementia
After conducting MMSE scoring on two groups of dementia patients, they were divided into three groups: mild,
moderate, and severe. This study found that there were statistically significant differences in blood uric acid and blood

homocysteine levels among the three subgroups in the observation group (P<0.05). However, no significant differences
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Figure | Comparing the levels of blood uric acid and blood homocysteine in two groups. (A) Blood uric acid; (B) Blood homocysteine. *(P<0.05). **(P<0.01).
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Table 2 Comparisons Blood Uric Acid and Blood Homocysteine Levels
in Different Subgroups of Patients with Dementia

Group Cases | Blood Uric Acid | Blood Homocysteine
Observation group
Mild 22 284.76+34.69 30.14+8.83
Moderate 18 311.21+30.57 48.73x16.61
Severe 15 364.14+42.13 57.96+14.82
F 14.31 15.19
P <0.01 <0.01
Control group
Mild 15 229.44+13.28 7.54%1.61
Moderate 17 287.21+32.21 7.68%1.43
Severe 10 325.56+40.57 7.96£1.78
F 13.26 0.573
P <0.01 0.561

were observed in blood homocysteine levels among the three subgroups in the control group (P>0.05), while the
differences in blood uric acid levels were statistically significant (P<0.05) (Table 2).

Comparisons were Made Between the Blood Uric Acid and Blood Homocysteine

Levels in the Subgroups of Dementia Patients from the Two Groups.
This study found that the levels of blood uric acid and blood homocysteine in the observation group were significantly
higher than those in the control group in each subgroup of dementia (P<0.01) (Table 3).

Factors Affecting the Prognosis of Patients with Vascular Dementia Combined with

H-type Hypertension After Acute Ischemic Stroke in a Univariate Analysis.

The observation group was divided into two groups based on ADL scores, with 59 cases in the good prognosis group and
25 cases in the poor prognosis group. Univariate analysis showed that the levels of blood uric acid and blood
homocysteine were significantly higher in the poor prognosis group compared to the good prognosis group (P<0.05).
However, there was no statistically significant difference between the two groups in terms of age, gender, education level,
smoking history, alcohol consumption history, body mass index, history of diabetes, total cholesterol, triglycerides, and
glycated hemoglobin Alc (P>0.05) (Table 4).

Factors Affecting the Prognosis of Patients with Vascular Dementia Combined with
H-type Hypertension After Acute Ischemic Stroke in Multivariate Logistic Regression
Analysis.

The factors selected through univariate analysis were used as independent variables in logistic regression analysis. The
results showed that blood uric acid and blood homocysteine were independent risk factors affecting the prognosis of
patients with VD combined with H-type hypertension after AIS (P<0.05) (Table 5).

Table 3 Comparisons Were Made Between the Blood Uric Acid and Blood Homocysteine Levels in the Subgroups of Dementia
Patients From the Two Groups

Project Mild t P Moderate t P Severe t P

Observation Group Control Observation Group Control Observation Group Control

Group Group Group
Blood uric acid 264.06+35.73 205.13+40.57 5.86 | <0.0I 304.51+26.65 261.02+£40.61 4.17 <0.01 354.06+42.33 298.46+39.28 3.94 <0.01
Blood homocysteine 27.58+9.31 7.15%1.38 941 | <001 | 4826%11.54 7.461.53 13.84 | <00l 57.02%13.45 7.76+1.49 1541 | <001
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Table 4 Factors Influencing the Prognosis of the Observation Group in
Univariate Analysis

Factor Good Prognosis | Poor Prognosis | 3%/t P
Group (n=59) Group (n=25)
Age 65.39+8.28 62.12+9.34 1.811 0.073
Gender 0.006 0.937
Female 40 (47.62) 31 (47.97)
Male 44 (52.38) 35 (52.03)
Education level 0.487 0.485
Under high school 58 (69.05) 42 (63.63)
High school and above 26 (30.95) 24 (36.37)
Smoking 32 (38.10) 27 (40.91) 0.122 | 0.726
Drinking 24 (28.57) 17 (25.76) 0.147 | 0.701
Diabetes 34 (40.48) 25 (37.88) 0.104 | 0.746
IBM 25.11£5.22 24.48+4.59 0.764 | 0.596
Total cholesterol 4.49+1.58 4.21%1.37 0.787 | 0433
Triglyceride 2.11£0.34 2.04+0.28 0.841 0.402
Glycosylated hemoglobin 4.13x1.67 4.11x1.31 0.551 0.583
Blood uric acid 276.21+24.35 331.47+32.65 27.04 | <0.001
Blood homocysteine 24.62+6.66 41.37£10.49 7.97 | <0.001

Table 5 Multivariate Logistic Regression Analysis of the Influencing Factors
on the Prognosis of the Observation Group

Variable B S.E. | Wald/ly? P OR 95% ClI

Blood uric acid 0.170 | 0.057 8.542 0.003 | 1.195 | 1.051-1.372
Blood homocysteine | 0.198 | 0.054 12.671 0.001 | 1.214 | 1.008-1.321

Discussion

In this study, we found that the levels of blood uric acid were elevated in patients with vascular dementia combined with
H-type hypertension after acute ischemic stroke. Additionally, the MMSE scores of different subgroups of dementia were
negatively correlated with the levels of blood uric acid and homocysteine. Logistic regression analysis showed that the
level of blood uric acid was an independent risk factor affecting the prognosis of the study group. We revealed that the
levels of blood uric acid in patients with Vascular Dementia (VD) combined with H-type hypertension after Acute
Cerebral Infarction (ACI) were significantly higher than those in patients with pure ACI and VD.

H-type hypertension, also known as hypertension combined with hyperhomocysteinemia, was first proposed by
Professor Hu DY.”® Wang et al found that H-type hypertensive patients have a 5-fold higher risk of developing
cardiovascular and cerebrovascular diseases compared to other types of hypertension, and a 30-fold higher risk compared
to healthy individuals.”® Other studies have shown that H-type hypertensive patients are more prone to cognitive
impairment compared to patients with pure hypertension.’*>" Therefore, it is important to pay special attention to
patients with acute cerebral infarction combined with H-type hypertension in clinical practice and intervene as early as
possible. In addition, studies have found that H-type hypertensive patients often have higher levels of uric acid.'* Uric
acid participates in various oxidative-reduction reactions in the body, and its pro-oxidative effect at high concentrations
in cells may be related to cognitive impairment.

The results of this study showed that the blood uric acid levels were highest in the severe dementia group and lowest
in the mild dementia group, suggesting that blood uric acid may be involved in certain pathological and physiological
processes in the development of vascular dementia. The possible mechanisms are as follows: (1) Uric acid has a good

free radical scavenging effect at physiological concentrations and is considered one of the most important antioxidants in
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plasma.** However, high concentrations of uric acid can react with various oxidants to generate free radicals and become
potent pro-oxidants. Accumulation of reactive oxygen species such as hydrogen peroxide, superoxide anions, and nitric
oxide in the body leads to increased oxidative stress, damage to cerebral vascular endothelial cells, impairment of
neuronal structure and function in tissues related to cognition such as the hippocampus, accelerated neuronal apoptosis,
and the occurrence of cognitive impairment.®* (2) Disruption of the blood-brain barrier is believed to play an important
role in neuroinflammation and oxidative stress. Studies have shown that the concentration of uric acid in the cerebrosp-
inal fluid of patients with blood-brain barrier dysfunction is partially dependent on blood uric acid levels and the balance
between production and consumption in the central nervous system.** Desideri et al*®> found that uric acid can have
harmful effects on brain structure and function by directly affecting the vitality of neuronal cells and their ability to
establish synaptic connections, depending on the level of cell exposure to uric acid. This effect of uric acid was observed
starting from a dose of 40mM, and lower concentrations of uric acid had no significant effect on cellular biology,
indicating a dose-dependent effect of uric acid. In the case of hyperuricemia, blood uric acid can diffuse through the
blood-brain barrier into the cerebrospinal fluid, damaging neurons and further leading to cognitive impairment. (3) Nitric
oxide is mainly synthesized by vascular endothelial cells and plays an important role in regulating tissue blood flow,
controlling vascular remodeling, maintaining normal blood pressure, antiplatelet aggregation, leukocyte adhesion, and
protecting the endothelium.*® High concentrations of uric acid can cause eNOS enzyme uncoupling, inhibit endothelial
cell proliferation and migration, as well as nitric oxide secretion, and reduce the bioavailability of nitric oxide,>’~**
leading to the development of atherosclerosis and exacerbation of cerebral ischemia. (4) Uric acid has pro-inflammatory
effects and can trigger leukocyte-1B-mediated inflammation through the activation of nucleotide-binding oligomerization
domain-like receptor protein 3 inflammasomes. Inflammatory reactions can promote platelet aggregation and accelerate
the formation of arterial and venous thrombosis. In addition, high levels of blood uric acid can activate the Toll-like
receptor 4/nuclear factor-kB signaling pathway, which can reduce the dendritic length of hippocampal pyramidal neurons
and impair hippocampus-dependent spatial reference memory in an inflammation-dependent manner. Tian et al*® studied
the effects of uric acid concentration and exposure time on cognition and found that high uric acid diet-induced elevation
of blood uric acid was significantly associated with the risk of cognitive impairment. In this study, blood uric acid levels
increased with the severity of dementia, consistent with the aforementioned research results. Therefore, special attention
should be paid to patients with acute ischemic stroke combined with hyperuricemia in clinical practice, and timely
intervention should be implemented to prevent and delay the occurrence of vascular dementia.

The results of this study showed that the levels of blood uric acid were highest in the severe dementia group and
lowest in the mild dementia group, suggesting a correlation between blood uric acid and the severity of dementia. In
contrast to blood uric acid, several studies have confirmed a close relationship between blood homocysteine and
cognitive impairment.***' Elevated homocysteine levels can promote smooth muscle cell proliferation, leading to lipid
peroxidation, inhibition of endothelial cell proliferation, and decreased endothelial nitric oxide synthase activity, which
can result in microinfarctions, lacunar infarcts, and cerebral white matter lesions, increasing the risk of dementia.** This
is consistent with the results of this study. Furthermore, this study found that both blood uric acid and blood
homocysteine were independent risk factors for the prognosis of patients with AIS-associated VD and H-type hyperten-
sion. Increased levels of blood uric acid and blood homocysteine often indicate worsening of the patient’s condition and
poor prognosis.*?

Several mechanisms linking uric acid to VD severity have been proposed. Firstly, uric acid, a known antioxidant,
plays a key role in neuroprotection, particularly in vascular dementia (VD). One mechanism by which it may exert its
protective effects is through neutralizing free radicals and reducing oxidative stress, which contributes to neurodegenera-
tion in VD. Oxidative stress leads to neuronal damage, endothelial dysfunction, and inflammation—critical factors in VD
pathophysiology. By scavenging free radicals, uric acid could help shield neurons from oxidative damage and potentially
slow cognitive decline. Additionally, uric acid may positively impact vascular health by influencing vascular tone and
endothelial function, both essential for maintaining brain blood flow. In VD, endothelial dysfunction and impaired
cerebral blood flow are common, promoting cognitive decline. Uric acid’s role in modulating these factors could protect
neurons from further injury. Moreover, uric acid may have anti-inflammatory properties that help alleviate chronic
inflammation, another key factor in VD progression. Elevated uric acid levels might therefore reduce inflammation in VD
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patients, improve vascular health, and possibly reverse some ischemic damage. However, the relationship between uric
acid and VD is complex, and not all studies support a neuroprotective role for uric acid. High uric acid levels can also
have adverse effects, such as gout or urate crystal formation, which might contribute to vascular damage and cognitive
decline. Thus, while uric acid may protect neurons in certain conditions, its overall impact likely depends on factors like
exposure duration, comorbidities, and individual metabolic variations. Given the dual potential for beneficial and harmful
effects, it is crucial to further explore the mechanisms linking uric acid levels to VD severity. Future research should
investigate how uric acid interacts with molecular pathways involved in oxidative stress, inflammation, and vascular
function. Studies should also determine whether there is an optimal uric acid range for neuroprotection or if modulating
uric acid levels can improve VD treatment outcomes.

The limitations of this study should be acknowledged. Firstly, the sample size was relatively small, which may limit the
generalizability of the findings. Additionally, the study only utilized the MMSE score to categorize patients into mild,
moderate, and severe dementia groups, which may not fully capture the complexity and heterogeneity of dementia.
Furthermore, the study only examined the association between blood homocysteine levels and dementia, without considering
other potential contributing factors. Notably, certain confounding variables such as NIHSS score, infarct size, and infarct
territory, which may influence cognitive outcomes in acute stroke patients, were not specifically accounted for in the analysis.
While we attempted to mitigate these effects through statistical adjustments, future studies with larger sample sizes and more
detailed assessments of stroke severity and lesion characteristics are needed to validate and expand upon these findings.

In conclusion, the severity of vascular dementia in patients with H-type hypertension after acute ischemic stroke is
related to the level of blood uric acid. There is a positive correlation between blood uric acid levels and the severity of
dementia. The higher the blood uric acid level, the worse the prognosis for patients. It is speculated that blood uric acid
may be a risk factor for cognitive function and prognosis in patients with vascular dementia and H-type hypertension
after acute ischemic stroke, providing clinical evidence for the prevention and treatment of dementia.
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